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To improve meat quality and consistency, cattle feeders have moved towards
implementing end-point marketing strategies (EPM) based on visual estimates of
physiological characteristics. A commonly used 0.5 inch backfat target was used in this
analysis. Recognizing that physiological targets will not necessarily result in profit
maximization; this research developed a profit maximization rule (PMR) that accounts
for the dynamics of animal growth, output prices and costs. A natural field experiment
was conducted in Iowa to evaluate the potential for the PMR. One hundred twenty three
fed cattle were randomly assigned into two treatments (PMR and EPM). Realized profit
results indicate that EPM outperformed the PMR methodology by $24.35 per head.
However, simulations that relax some experimental constraints resulted in the PMR
outperforming EPM by $102.06 per head. Interestingly, the PMR did not negatively
affect carcass quality. Therefore, relaxing PMR constraints in future experimental
studies is expected to improve realized profitability.
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CHAPTER I
INTRODUCTION
Continual changes in cattle genetic composition, consumer meat demand, supply
market shocks caused by both drought and government intervention in grain markets, as
well as evolving pricing/trade mechanisms results in feeders’ adjusting their marketing
strategies in an attempt to maximize potential profits. For instance, there has been a
significant transition from live animal negotiated cash (auction) transactions to carcass
based pricing. In 1996, only 16% of cattle were being sold on a carcass merit (formula)
basis as compared to 45% in 2001 (McDonald and Schroeder, 2003). This change has
largely been a result of joint efforts by cattle feeders and beef packers to improve meat
quality and consistency to better meet consumer demand and increase the
competitiveness of beef with other proteins (Value Based Marketing Task Force, 1990;
Fausti et al., 1998).
Carcass merit based pricing mechanisms shifts more of the value risk from the
packer to the feeder. Through experimentation, feeders’ develop marketing “rules-ofthumb”, such as reduced variance in delivered live weights and/or visual appraisals of
back fat to improve the average carcass value and minimize value risk. These, and other,
feedlot marketing strategies may have led to improvements in profitability primarily by
avoiding large discounts on carcass transactions.
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As a rule in economics, however, unconstrained marketing decisions based on
anything other than equating marginal value and marginal costs cannot result in profit
maximization. Maples et al. (2015) was the first to bring into question that marketing
cattle based on fixed end-point physiological characteristic(s) may not necessarily result
in profit maximization.
To accommodate the time dependent production process, Maples et al. (2015)
developed an ex-post market timing rule based on live animal dynamic profitability, not
accounting for carcass values. Utilizing data collected on 2,700 head of fed cattle, the
authors individually estimated dynamic values of the marginal product, based on
individual live weight estimates and a controlling for various realizable (constant) market
cash prices, and observed marginal factor costs. Marginal factor costs were largely based
on individual daily feed consumption estimated and average yardage costs. This
information was then used to develop a dynamic profit maximization rule (PMR) by
selecting the time to market each animal by equating its respective intertemporal
marginal value product to marginal factor cost. Their analysis found that an End-Point
Marketing (EPM) strategy, based on a pen average selling groups of animals when they
reach an estimated 0.50 inch back fat, resulted in reduced average per head profitability
of $7.67 to $21.09, depending on the underlying growth function estimated for the PMR
and assumed realized constant prices.
Though Maples et al.’s (2015) ex-post analysis is informative as an initial step in
a proof of concept, the application of the method in the real world for cattle feeders will
require a forward looking decision rule. Therefore, the goal of this research is to extend
the concept provided in Maples et al. (2015) by developing an applicable forward looking
2

methodology which continually updates ex-ante predictions of the same economic
decision rule. To achieve this goal, several logistical issues (constraints) associated with
marketing cattle are addressed. For example, batching half-loads of cattle to mitigate
accounting difficulties, as well as predicting and scheduling cattle for harvest.
To evaluate the efficacy of the ex-ante PMR methodology, this research conducts the first
natural field experiment that compares the PMR and EPM marketing strategies. As such,
the major contribution of this research is the further development of a predictive
methodology for owners to market their fed cattle using readily available individual
animal electronic identification technology1. As the PMR method has never been tested
in the real world, the results of experimental testing provide quantitative evaluation and
justification for future modifications. The primary basis of comparisons are realized
profits (the focus of producers) and the impacts on carcass quality (focus of industry at
large) given the PMR is based on a live animal transaction.
The results indicate that the EPM yielded higher average realized profits of
$24.35/head accounting for a profitability bias. Interestingly, carcass characteristics were
not significantly impacted by implementing the PMR approach, and some metrics were
improved. The main reason for these results were due to a combination of the price
forecasting procedure implemented and a logistical half-load constraint in the
experiment. For instance, the PMR utilized weekly updated myopic (naïve) price
forecasts that did not account for the significant price declines typically associated with
the feeding period. Simulated results, however, indicated that if prefect foresight of price
declines were possible, the PMR method would have outperformed the EPM strategy by
1

http://www.allflexusa.com/our-products/ (last accessed 6-09-2017).
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$69.22/head on average, and by $102.06/head if the cattle had been marketed
individually rather than in half-loads.
The thesis is laid out as follows. First, a literature review outlines research
utilizing various growth function, profitability determinant for fed cattle, benefits of
additional information, and market timing decisions within a feedlot. Following that, the
experimental design section consists of explicit PMR procedures used in this experiment,
data collection procedures, and various methods of comparing profits between treatments.
Third, a results and conclusions section lays out the various profit comparisons and
implications that can be drawn from these results.
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CHAPTER II
LITERATURE REVIEW
This section consists of three major subsections of relevant literature. First,
research that estimates growth functions for various species is long standing and outlines
this line of literature from biological and scientific studies. The second subsection
highlights several feedlot profitability studies. Literature within this area of research
analyzes factors that influence feedlot profitability, profitability differences in pricing
mechanisms, and the benefit of additional carcass information. Lastly, literature relevant
to market timing decisions for fed cattle are discussed. Primarily, Maples et al.’s (2015)
research, outlined in this subsection and throughout other sections, is the underlying
foundation of this experiment.
Growth Function Estimation
Biological and scientific literature has estimated dynamic nonlinear growth
functions to predict the growth of living things over many years and species.
Applications within the livestock and poultry industries are abundant and longstanding,
such as, cattle (e.g. Forni et al. 2007, 2009), swine (e.g. Strathe et al., 2010; Craig and
Schinckel, 2001), lamb (e.g. Topal et al., 2004), chicken (e.g. Zuidhof, 2005; Kuhni et al,
2003), and turkey (e.g. Porter et al. 2010). Many of these analyses find that flexible,
nonlinear growth functions tend to outperform other specifications.
5

Research estimating time dependent weight relationships have used many growth
functions including, but not limited to, the Logistic, Gompertz, Richard, and Von
Bertalanffy (Brown et al. (1976), Goonewardene et al. (1981), Forni et al. (2009)). Each
of these studies follows cattle from birth until they are removed from a herd, analyzing
growth over this entire time series. When estimating the growth of living organisms,
there are several functions and logistics to consider (Tsoularis and Wallace, 2002).
Animal and livestock growth is obtained by tracking live animal weight over time (or
age) and the model used is often chosen by i) flexibility of the model relative to the data,
and ii) model complexity (Lopez et al., 2000; Brown et al., 1976).
Feedlot Profitability
Literature within the field of fed cattle profitability (Langemeier et al., (1992),
Lawrence et al., (1999) Mark et al., (2000)) have consistently identified the main
determinants of profitability as being input and output prices. Live weight relationships
are often referenced in the literature as significantly impacting profitability. Specifically,
harvest and placements weights tend to affect profits, regardless of the marketing
methodology. Feuz (1999) found that live weight at harvest explains 96% to 100% of the
variation in revenue when cattle are sold on the cash market. Furthermore, Johnson and
Ward (2005) found that live weight at harvest explains 61% to 71% of the variation in
revenue even when cattle are sold under carcass merit (formula) pricing. Within these
profitability studies, there is also a consistent recommendation for the continued use of
price variance mitigation strategies (futures contract, options contracts, etc.).
Other fed cattle profitability studies have focused on the difference between
different pricing mechanisms including formula (based on the value of various carcass
6

characteristics), carcass weight, and live weight pricing (Fuez et al., 1993; Johnson and
Ward, 2005, 2006; McDonald and Schroeder, 2003). While, at times, each strategy can
result in an optimal outcome based on the current market conditions and animal genetic
composition as well as sex and placement day and weight, profit is least volatile for live
weight pricing and greatest for formula pricing (Koontz et al., 2008).
Other research has focused on the value of additional information in order to
optimally sell cattle. For instance, Thompson et al. (2016) focused on the value of
genetic testing and additional genetic information. In their study, the authors note that
the additional information may gain producer $1-$13/head. Other studies have also
focused on this line of thinking, conducting research focusing on animal genotype
(DeVuyst et al., 2007) and parentage (Walburger and Crews, 2004). Furthermore, the
value of accurately estimating carcass composition has been shown by using ultrasound
technology to predict carcass quality (Lusk et al., 2003) and quantifying the value of
better information regarding carcass quality (Schroeder and Graff, 2000).
Market Timing
Maples et al., (2015) analyzed the potential loss of profit due to the
implementation of the EPM live animal marketing strategy of 0.5 inches of back fat by
developing a market timing decision rule based on profits for cattle feeders. The authors
estimated two models for growth; one based on the classic Verhulst Logistic life-cycle
growth function (LC) and an alteration of the life-cycle model which does not require
information on the animals age (the Days-On-Feed Growth model). In this ex-post
analysis, with data spanning from 2005 to 2011, the LC marginally outperformed the
Day-On-Feed Growth Model. Assuming constant individual marginal factor cost and
7

realizable output prices, Maples et al. (2015) estimated the value of the marginal product
(relative to time) and equated this to marginal factor cost to derive individual optimal
market timing for approximately 2,700 head of cattle. Within this data series, placement
(delivery) weight averaged approximately 709 pounds with an average harvest weight of
1,242. Average cost in this study was estimated as $2.08 per day (although there are
individual associated costs) for variable costs. Live price in this study averaged $0.91 per
pound. A marketing window constraint was also instituted to only allow cattle to be sold
from 950 to 1450 pounds in order to avoid more unrealistic carcass weights due to
industry restrictions. Growth parameter estimates restricted maturity weight to a
maximum of 1800 pounds. Regardless of the assumed underlying growth function
estimated, the authors found that nearly all EPM cattle were either harvested too early or
too late in accordance to profit maximization. Specifically, Maples et al. (2015) found
that, for cattle of known age, profits could have increased on average by $16.56 per head.
For cattle of unknown age, profits could have increased by $7.67 to $11.32 per head.
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CHAPTER III
EXPERIMENTAL DESIGN
Treatment Sorting
The beef feeder cattle in this study were primarily born the month of January,
2015 and raised at Mississippi Agricultural and Forestry Experiment Station- White Sand
Unit in Poplarville, MS. The remainder of the cattle were born the previous fall (2014) at
Mississippi Agriculture and Forestry Experiment Station- Brown Loam Unit in
Raymond, MS. The total number of cattle were 123 head used in the experiment. The
cattle were randomly sorted into two marketing strategy treatments (62 head in EPM and
61 head in PMR) based on sex and weight. The cattle ranged in live delivery weight
from 524 to 1078 pounds and consisted of 75.6 percent steers. However, sorting cattle
solely on sex and weight may not necessarily indicate that cattle were sorted based on
profitability merit. Profitability bias will be tested for in later sections.
Below, in table 3.1, a numerical description of the cattle can be found. Notably,
the two treatments of cattle were sorted to be relatively homogenous in regards to mean
and variance of physiological characteristics. As such, treatments were equally
heterogeneous within treatments. Specifically, age in days upon delivery ranges from
364 to 574 and delivery weight was widely dispersed (with delivery weights ranging
from 524 to 1078 pounds). Due to this heterogeneity within treatments, optimal market
timings were widely dispersed. Due to this dispersion of optimal market timings, the
9

PMR methodology was tested more rigorously than if the cattle were more uniform in
physiological characteristics. No cattle within this study were purebred or had a purebred
Angus dam.
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Table 3.1

Descriptive Treatment Statistics

End-Point Marketing Treatment - 62 head
Variable

Sample Mean (std.)

Min

Max

453.00 (50.00)

364.00

574.00

4.80 (0.76)*

3.50

6.50

769.00 (131.00)

524.00

1078.00

0.76 (0.43)

0.00

1.00

Frame Score

198.71 (29.37)

90.00

250.00

Muscle Score

247.42 (55.65)

100.00

290.00

Hide Color (Proportion Black)

0.58 (0.49)

0.00

1.00

Sire Breed (Proportion Angus)

0.68 (0.47)

0.00

1.00

Sample Mean (std.)

Min

Max

447.00 (46.00)

524.00

559.00

5.13 (1.00)*

4.00

7.00

779.00 (133.00)

546.00

1068.00

0.75 (0.43)

0.00

1.00

Frame Score

196.23 (28.00)

150.00

240.00

Muscle Score

242.62 (48.72)

100.00

290.00

Hide Color (Proportion Black)

0.55 (0.50)

0.00

1.00

Sire Breed (Proportion Angus)

0.80 (0.40)

0.00

1.00

Age in Days Upon Delivery
Delivery Body Condition Score
Delivery Weight
Sex (Proportion Steer)

Profit Maximization Rule Treatment - 61 head
Variable
Age in Days Upon Delivery
Delivery Body Condition Score
Delivery Weight
Sex (Proportion Steer)

*Treatment variable means are significantly different at α=0.05 according to the Welch
test statistic
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Generalized Decision Rules for Marketing Treatments
Upon delivery to the feedlot, the EPM treatment cattle were visually evaluated for
frame score upon arrival, then given projected weights for what each individual head
would weigh with 0.5 inches of back fat. They were then visually evaluated again by the
feedlot management, every 28 days (each weighing), as they reached the projected
weight. When the cattle reached 0.5 inches of back fat via visual evaluation, they were
then marketed. In this treatment, cattle were marketed on two separate dates.
Specifically, cattle were marketed on August 23, 2016 (42 head) and September 20, 2016
(20 head).
The PMR strategy treatment consisted of four half loads of cattle. Half loads
consist of 15 head of cattle. Half loads were implemented (rather than marketing
individuals) in order to help alleviate accounting issues for the feedlot. Specifically,
cattle were marketed on July 26, 2016 (16 head), September 20, 2016 (30 head, two half
loads), and November 1, 2016 (15 head). Optimal marketing dates were calculated
individually by equating the estimated dynamic marginal value product to marginal factor
costs. Half load marketing dates were realized by estimating the average individual
optimal marketing date for the 15 head of cattle that were closest to the optimal
marketing date. Estimated marginal physical product was updated every 28 days with
new realized cattle weights as well as updated feed consumption information. The
estimated marginal value product was updated on a weekly basis as cash prices were
realized. A self- imposed live marketing weight constraint was placed on this treatment
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by only allowing cattle to be harvested between 1,000 and 1,700 pounds live in order to
avoid light and heavy weight carcass discounts2.
Data Collection
All cattle were delivered on April 15, 2016 to Gregory Feedlots, Inc. located in
Tabor, Iowa3. All daily management decisions were made by David Trowbridge,
manager of Gregory Feedlots, Inc. The cattle marketing and data collection were
managed by Dr. Darrell Busby, Iowa State University Extension, Tri-County Steer
Carcass Futurity (TCSCF)4. TCSCF is a cooperative consisting of feedlots and university
coordinators designed to provide production and carcass information to cattle owners.
Finally, all cattle were harvested and sold to Tyson Foods, Inc. in Dakota City, Iowa,
under contract with TCSCF. Final payments were determined on the TCSCF carcass
merit grid formula.
Data collected for revenue estimation consists primarily of live weight data and
output prices. Live animal weights began being collected at birth. Once cattle entered
the feedlot (April 15th), they were weighed upon delivery and every 28 days after.
Individual estimation of growth parameters requires data that is collected once animals
enter the feedlot. Therefore, Body Condition Score, Frame Score, and Muscle Score
were all evaluated by a USDA market reporter within the feedlot region 28 days after
delivery. Since age information was known, delivery age was calculated once the cattle
entered the feedlot. Delivery month was uniform for all cattle within this study and was

2

Discounts reduced the price (in dollars per CWT) received for an individual animal
http://www.gregoryfeedlots.com/
4
http://www.tcscf.com/
3
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recorded once cattle enter the feedlot. Data required for estimation of growth parameter
that was recorded prior to delivery consist of hide color, sex, sire breed, dam breed,
whether an animal is purebred or not, cattle origin (state), and feedlot location. Unlike
Maples et al. (2015), the price at harvest was the actual price received from a pen. The
general, market price of fed cattle was based on the cash price of cattle in the
Iowa/Minnesota area as reported by the USDA (USDA, AMS, LM_CT129). Hedging
revenue for 60 head of cattle (30 head per treatment), through futures contracts, was
reported by the TCSCF.
Cost data collected for this experiment consisted primarily of feed consumption
and ration costs. Ration costs were formulated by Gregory feedlots. TCSCF calculated
feed consumption by using the Cornell Value Discovery System (Tedeschi et al., 2003,
2006), which is based on what an animal currently weighs and what that animal gained in
the previous period. The Cornell Value Discovery System (CVDS) utilizes observed
weight, average daily gain, weight at 28% empty body fat, breed type, environmental
conditions, and dietary metabolic energy concentration to predict feed intake required for
maintenance and gain. Metabolic energy is used to compute dietary net energy
maintenance and net energy gains, which is used to calculate feed for maintenance and
feed for gain. Once consumption was estimated for an individual animal, it was prorated
based on the actual feed consumed by the pen. Interest and yardage were calculated by
Gregory feedlots. Yardage consists of a daily charge for each animal in the feedlot that
predominantly accounts for overhead and a markup for feed consumed (charged by each
ton of feed consumed by a pen). Veterinary, trucking, insurance, beef checkoff, data
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collection, and transfer (the cost of buying an animal) costs were all collected by Gregory
feedlots, which were all used to calculate profitability after cattle are harvested.
Profit Maximization Rule Methodology
Live Weight Growth Predictions
The dynamic growth model utilized in this analysis is the Verhulst Life-Cycle
growth model (LC), which is a Logistic growth model of each animal’s live weight
(Tsoularis and Wallace, 2002). Estimation of the LC model requires that the age of the
animal be known. Maples et al. (2015) compared the LC to that of an adjusted logistic
growth model that does not require the age of the animal to be known, referred to as a
Days-On-Feed growth model (DOFGM). They found that the LC generally outperforms
the DOFGM by comparing root mean square errors at various points in the feeding
period.
This LC is represented by equation 3.1,

yi (t½i ) 

mi
1   i e  ki mit

(3.1)

where, k i denotes an efficiency parameter for the ith animal,  i denotes a
phenotypic adjustment factor (birthweight model restriction), and mi is maturity weight as
time goes to infinity, and t represents time. Therefore, weight is a function of time and is
conditional on i , which represents a vector of exogenous, intrinsic, and heterogeneous
biological parameters (i.e. genetics and environmental conditions). The parameter  i at
birth can then be represented by equation 3.2, and represents the initial condition of the
differential equation for growth (where yi (t0) represents birth weight).
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i 

mi
1
yi (t0 )

(3.2)

Given each parameter is unique to the animal, it stands to reason that each
parameter is influenced by genotype, environment and management practices.
Market Timing Updating Process
A four stage procedure was developed which in later stages continually updates
growth and marginal factor cost estimates as new live weights were observed and feeding
costs estimated. The first stage consists of estimating historical growth parameters for
12,078 head5. The second stage consists of estimating underlying factors that impact the
first stage growth parameter and marginal factor cost estimates for the 12,078 individual
head. This then produced growth parameter and marginal factor cost equations for each
new animal. The third stage consists of inputting current exogenous information into the
growth and marginal factor cost equations from the second stage. This resulted in the exante initial market timing estimates upon delivery. Market timing predictions in the
fourth stage were then continually updated as output prices, live weights, and cost
information was observed.
First Stage
Parameters m and k were estimated by the same nonlinear least squares estimation
and Marquadt method (Marquadt, 1963) outlined in Maples et al., 2015 (pp. 9-10). These
individual ex-post LC growth functions were estimated using birth weight and four

5

The first stage consists of generating a data base if individual growth parameters stemming from 12,078
head of fed cattle using historical data provided by the Tri-County Steer Carcass Futurity (TCSCF)
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observed weights (delivery weight, thirty day weight, re-implant weight6, and harvest
weight). This resulted in a data series of parameter values for a large sample of cattle
from which the second stage, the impact of various observable factors, was estimated7.
Second Stage
In the second stage, an initial prediction of individual cattle growth and cost at the
time of delivery was estimated. To do so, individual growth parameters, maturity weight

mˆ it and efficiency kˆit , and marginal factor cost were estimated based on exogenous
information available at the time of delivery. The exogenous variables at the time of
delivery are delivery age, hide color, delivery weight, body condition score, frame score,
muscling score, sex, sire breed, dam breed, whether the animal is purebred or not,
delivery month, origin, and feedlot location. The equations listed below were estimated
using OLS.
ˆ it  f (delivery age, hide color, delivery weight, body condition score, frame score,
m
muscling score, sex, sire breed, dam breed, purebred, delivery month, origin,
feedlot location)

(3.3)

kˆit  f (delivery age, hide color, delivery weight, body condition score, frame score,
muscling score, sex, sire breed, dam breed, purebred, delivery month, origin,
feedlot location)
(3.4)

6

Approximately 100 days after delivery
It is important to note that more weights were collected on cattle in the feedlot in this study compared
with the historic TCSCF data (an average of 6 weights were collected). This is primarily due to the
frequency of weight data collection (every 28 days).
7
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mfc  f (delivery age, hide color, delivery weight, body condition score, frame score,
muscling score, sex, sire breed, dam breed, purebred, delivery month, origin,
feedlot location)

(3.5)
As in Maples et al., (2015) a bound restriction was placed on parameter m to a
maturity weight no greater than 1800 pounds. The parameters m and k were estimated
holding  constant at

t 0 as discussed earlier. This then yielded the predictive ex-ante

model. Output price

pt was not estimated in this step, where the output price used for

revenue estimation was the actual live cash price observed any given week. Marginal
factor cost in estimations of profitability following the second stage is a function the
price of feed p ft , the feed consumption cˆift , interest rate rt , and yardage yt . This estimation
will be outlined in subsequent sections with an explicit equation.
Third Stage
Experimental design in the third stage consists of specific data collection
procedures in order to estimate the initial weight predictions. Upon entering the feedlot,
cattle were weighed every 28 days. Body condition score, frame score and muscling
score were evaluated by a USDA market reporter. All other data relevant to equations
3.3, 3.4, and 3.5 were collected by the cattle owner. The initial growth parameter
estimations were estimated using this exogenous information and the OLS equations
derived previously.

18

Fourth Stage
Objective Function Updating
Parameters m, k and marginal factor cost were continually updated as new
information was acquired via an ad hoc updating procedure explained as follows. Once
the growth parameters (m and k) were estimated, this yielded estimated weights for each
weighing period (every 28 days into the future). Once new (true) weights were acquired,
these true weights then replaced the estimated weights for their associated time periods
and new growth parameters were estimated.
Marginal factor cost was estimated using average aggregated closeout data
provided by the feedlot using feed cost, interest, and yardage. Any costs occurred only
once were not considered in the equation for marginal factor cost (only cost that can
change over time were considered).
The fourth stage also consisted of updating the following ex-ante objective
function.

ˆ it , kˆit , ˆit )  Cˆ it ( p ft , cˆift , rt , ht )t
max  i  pt yˆit (t ; m
ti

(3.6)

The equation outlined defines the objective function to maximize profitability
with respect to the optimal time period for the ith individual animal. This profit
maximization is then subject to output price
function of time and estimated parameters

pt (fed cattle price), live weight yˆit as a

mˆ it (maturity weight), kˆit (efficiency), and ˆit

(a phenotypic adjustment factor or birth weight model restriction), and cost Cˆit as a
function of time and parameters feed price p ft , feed consumption cˆift , interest rate rt , and
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yardage ht . Though inputs costs may change over time, the updating process estimates
an average daily cost.
The optimal time period to sell each animal is found by setting the estimated
value of the marginal product (VMP) equal to marginal factor cost (MFC).

VMPit  P(t )*

ekmt km2

e

kmt

 

2

 Cˆ 'it  MFCit

(3.7)

Where, the individual and time subscripts are dropped for clarity. Marginal factor cost is
defined in equation 3.8.

MFCit  ( p ft cˆift  rt  ht )
Because the updates relative to the MFCit were calculated as average daily costs,

(3.8)

MFCit

was treated as a constant.
Therefore,

VMPit  P(t )

ekmt km2

e

kmt

 

2

 ( p ft cˆift  rt  ht )  Cˆ 'it  MFCit

(3.9)

Thus, the corresponding time period when VMP=MFC is the projected profit
maximizing time period to sell. Solving for time,




m
2
Pk ( pm 2 k  4Cˆ 'it )  
 P m k  Cˆ 'it  2  ˆ
C 'it


 1
t*  ln 
 km
2Cˆ 'it






This result is only true for constant or myopic future price expectations.
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(3.10)

Ratcheting Procedure
There is no reason to believe that every animal’s growth will be accurately
predicted. In order to reduce the likely error, growth predictions were compared to the
most recent observation. Cattle that were poorly predicted were identified as those that
were ten percent away from the most recent weighing. Approximately 16% of cattle fell
within this range at the second weighing. By the completion of the experiment,
approximately 6% of individual growth function predictions failed to converge within the
ten percent range for the final observed live weight.
Once cattle that were poorly predicted were identified, a ‘ratcheting’ procedure
was used to continually update growth estimations until total weight error was minimized
for the weighing periods that had already been observed.

yˆ n  yn
 0.10  Implement the ratcheting procedure
yn

(3.11)

As can be seen in equation 3.11, where n represents the number of observed
weights, if the absolute value of the nth predicted weight minus the observed nth weight
divided by the observed nth weight is greater than or equal to 0.10 then this results in the
decision to implement the ‘ratcheting’ procedure defined below in equation 3.12.



2
n
m
minimize w1  i 1  yˆi  yi   w2  i  n 1 yˆˆi  yˆi



2

(3.12)

This ratcheting process (equation 3.12) minimizes the error sum of squares
between the predicted values and observed values8. Equation 3.12 also takes into account

8

Although the ratcheting process minimizes error between observed weights and their associated
projected values, if cattle are taken off of feed or lose weight it may be difficult for this growth model or
ratcheting procedure to account for such drastic changes in performance.
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the previous predicted values with w1 representing the weight placed on the difference
between current predicted values and observed values. w2 represents the weight placed
on the difference between previously predicted future values and current predicted future
values. Where, w2  w1 and w2 is significantly smaller than w1 in order to primarily
focus on reducing the error sum of squares among the predicted and observed values.
The updating process uses the simple rule of ten percent, as a decision rule to implement
the ratcheting procedure, in order to reduce furthering inaccuracy. The ratcheting
procedure uses an iterative process, via a Macro Do-loop in SAS, which continually takes
these known weights along with predictions to reduce error in between known weights
and the associated estimated weights. This process first takes these true weights and the
most recent estimations and updates the m and k variables normally as outlined
previously (using non-linear least squares and the Marquardt method (Marquardt, 1963)).
Next, these new projections and the observed weights were used to re-estimate the m and
k variables. This process was then continued until total weight error was minimized for
the weighing periods that had already occurred.
It was then observed that the ratcheting procedure may lack the ability to improve
accuracy of the growth estimations well enough to predict future values. Thus, the
ratcheting procedure defined in equation 3.13 reduces error primarily for the most recent
observations. This procedure can be represented by equation 3.13.





m
minimize  w1  yˆ1  y1   w2  yˆ 2  y2   ...  wn  yˆ n  yn   wm  i  n 1 yˆˆi  yˆi 



(3.13)
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Where, subscript 1 is the most recent observation, and w1  w2  ...  wn  ...  wm .
Thus, the same process as described in equation 3.12 was taken to include weighted
averages for each weighing period to minimize the error sum of squares. It should be
noted that m and k variables are inevitably a function of the first estimations derived
when cattle arrive in the feedlot. This can make it difficult to overcome these first
impressions if cattle are not projected correctly from the beginning. An example of how
the ratcheting procedure updated weight estimations can be found in figure 3.1.

Figure 3.1

Effect of the Ratcheting Procedure on Growth Estimation

Method of Treatment Comparison
Following harvest, the next step is to compare treatment profitability.
Understanding that producer’s actual focus is on final payoffs, the first treatment
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comparison of profitability consists of final closeout information (or realized profits).
Closeout information consists of all costs and revenues accrued while cattle have been at
the feedlot and from harvest. However, comparing aggregate methodological approaches
according to only final outcomes ignores potential experimental design constraints and
limitations. To more fully compare and analyze methodological differences between
treatments, several additional analyses are conducted to uncover the various factors that
may impact the effectiveness of the PMR methodology. Therefore, profitability is
calculated in each comparison by changing only one constraint or limitation of the PMR
at a time. For instance, in this experiment, a constraint was imposed so that a minimum
of 15 head could be sold at one time. Logistically, with only 61 head of cattle in the
PMR treatment, this creates a situation where an individual animal cannot be sold at their
“modeled” optimal time9. Therefore, in the analysis after marginal profits, profitability is
calculated using estimated weight and live cash prices at this time period.
Also, in the time frame that this experiment was conducted, prices fell drastically.
Figure 3.2 shows how such a declining price scenario effects the optimal time period to
sell under myopic pricing assumptions.

9

Seldom are cattle sold individually so this process more closely follows actual feedlot transactions
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Figure 3.2

Effects of Price Movement of the Value of the Marginal Product and
Optimal Market Timing Holding Marginal Factor Cost Constant

Figure 3.2 indicates the point where VMP crosses MFC in two different
scenarios. One with a high price and the other with a low price, holding all growth
parameters constant. Figure 3.3 demonstrates how these same growth parameters and
prices affect profit.

25

Figure 3.3

Profit Differences with Price Movement

Initially, this graphical representation (figure 3.3) does not appear to have any true
consequence to the methodological approach. However, considering this particular
animal being 500 days of age while currently having the high price in the market, a
producer would choose to hold on to this particular animal under myopic pricing. When
prices decline at a rapid rate, though, and the animal is now 550 days of age with the low
price represented in this graph, the producer would deicide to sell in time period 550.
However, it would have been strictly more profitable to have sold in a previous time
period when prices were higher (even though, under myopic pricing assumptions, the
producer would not have sold). This difference in profitability can be thought of as a
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regret factor associate with the use of myopic pricing in predicting profit maximizing
harvest dates. Therefore, myopic pricing may not have been sufficient enough to predict
a true profit maximizing harvest date.
Seven comparisons were conducted in order to analyze treatment profitability
difference. The first comparison being realized profitability. The second comparison
being realized marginal profit. This comparison includes only time variant costs. Next,
marginal profit at the optimal market timing is compared in order to eliminate lost profits
from the half load constraint.
Considering myopic pricing was used to calculate optimization, price assumptions
are analyzed in the final four estimations of profitability. In the four estimations,
different aspects of price are analyzed. The first estimation, still solving for optimization
through myopic pricing, but also assuming realized prices during the experiment were
known throughout the duration of the experiment. The second estimation assuming a
single constant cash price during the experiment and solving for the optimal time period
to sell. The third estimates optimization by using a trend in prices and perfect foresight
for realized cash prices. Lastly, average optimal market timing for a half load is
estimated by also using a trend in prices and perfect foresight for realized cash prices.
This comparison can then be used to estimate the opportunity cost of having the batch
half loads.
Profitability Bias
Previously, it was shown that cattle characteristics were homogeneous in physical
traits (specifically sex and weight). This is due to cattle being sorted into treatments on
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sex and weight. However, sorting cattle based solely on these two characteristics may
not necessarily result in cattle being evenly sorted for profitability. Considering the small
sample size in this experiment and given that cattle were sorted into treatments solely
based on sex and weight, then it is reasonable to assume that there may be some sort of
bias. Therefore, an ex-post analysis was conducted to determine if there is a treatment
profitability bias.
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CHAPTER IV
RESULTS AND DISCUSSION
This section consists of nine subsections that dissect various profitability
differences that were observed in this experiment. First, carcass characteristic differences
displays the effects that this methodology had, for this replication, on performance.
Following Profitability Bias, the next subsection starts simply with realized profitability.
This is the profitability information a cattle feeder has at the time when cattle are
harvested. The proceeding subsections after begins to change one detail to simulate
profitability differences under different scenarios. This process follows a consistent step
by step approach in order to unravel the underlying reasons as to why this experiment
unfolded in the manner it did. Considering the steep price decline seen in the market
during this experiment (as can be seen in Figure 4.1), much of the analysis consist of
various price scenarios. Profitability variable names and descriptions used through this
section can be found in table 4.2.
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Figure 4.1

Iowa/Minnesota Weekly Price Observed Path During Experiment (Data
Source: Livestock Marketing Information Center)
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Table 4.1

Profit Variable Names and Descriptions

Variable name
TR(carcass)

TR(t*, cash)

Description
Total revenue - based on an individual's carcass value. Comprised of carcass
weight multiplied by some base price with premiums and discounts applied.
Total revenue - based on an individual's live cash value. Live cash value is
based on the estimated weight and live cash price associated with t*.
Total revenue - based on an individual's live cash value. Live cash value is

TRPF(t*, cash)

based on the estimated weight and live cash price associated with t*
assuming perfect foresight.
Total revenue - based on an individual live cash value. Live cash value is

TRC(t*, Cash )

based on the estimated weight and live cash price associated with t*
assuming constant cash prices.
Total revenue - based on an individual live cash value. Live cash value is

TRPS(t*, cash)

based on the estimated weight and live cash price associated with t*
incorporating a price slide into estimation.

f
f*

Feed cost - based on the feed consumed by an individual animal multiplied
by the cost per unit of feed.
Feed cost as if cattle has been sold at t*
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Table 4.1 (continued)
Yardage - The cost applied to each animal for staying in the feedlot on a per
ydg

day basis. Additionally, a feed markup is applied to this variable per ton of
feed consumed by all cattle.

ydg*

Yardage as if cattle had been sold at t*

r

Interest

r*

Interest as if cattle had been sold at t*

vet

Veterinary cost - The cost associated with medicine and treating an animal

truck

Trucking - The cost associated with transporting an animal for harvest

ins

Insurance cost

checkoff

Beef Checkoff - A specified amount of money per animal that goes to the
National Cattleman's Beef Association upon harvest

data
transfer

Data collection cost
Transfer cost - the associated cost of buying an animal. This cost can be
thought of as a transfer cost across vertical stages of production.

Performance Differences
Implementing different marketing strategies, intuitively, should change animal
and carcass performance for any one given animal. These differences can be seen in
table 4.3. Carcass characteristic data shows that marbling score mean(s) for the PMR
treatment are statistically different than for the EPM treatment with no statistical
difference in variance for this replication. Secondly, marbling score is strictly greater for
the PMR treatment than for the EPM treatment. Yield grade for the two treatments is not
statistically different.
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Table 4.2

Summary of Performance Statistics

End-Point Marketing Treatment - 62 Head
Variable

Sample Mean
(std.)

Min

Max

Days on Feed

132.03 (13.09)a

123.00

151.00

Average Daily Gain

3.71 (0.39)a

2.81

4.42

Feed to Gain Ratio

6.44 (0.72)

4.95

8.83

Marginal Factor Cost ($/Day)

2.67 (0.34)

1.98

3.58

Carcass Price Received ($/CWT)

178.97 (9.65)

154.10

195.09

Live Cash Equivalent Carcass Price ($/CWT)

110.02 (6.46)b

91.54

121.14

Respective Cash Price

113.49 (4.33)a

107.05

116.41

1044.48 (73.52)b

880.00

1197.00

3.44 (0.74)

1.89

5.28

Marbling Score
Yield Grade
Final Weight (lbs.)

1283.68 (146.89)

1033.33 1584.24

Dress Percentage

61.50 (0.01)

57.50

64.40

Raw Realized Profit

7.44 (74.55)

-165.71

197.68

a) treatment variable variances and means are significantly different at α=0.05 using ttests
b) treatment variable variances are not significantly different and means are significantly
different at α=0.05 the t-tests
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Table 4.2 (continued)
Profit Maximization Rule Treatment - 61 Head
Variable

Sample Mean (std.)

Min

Max

146.64 (35.18)a

95.00

193.00

Average Daily Gain

3.38 (0.50)a

2.28

4.95

Feed to Gain Ratio

6.83 (0.67)

5.59

8.70

Marginal Factor Cost ($/Day)

2.70 (0.23)

2.14

3.30

Carcass Price Received ($/CWT)

171.88 (8.09)

154.92

187.17

Live Cash Equivalent Carcass Price ($/CWT)

105.67 (6.15)b

94.65

119.83

Respective Cash Price ($/CWT)

109.49 (8.65)a

95.93

129.55

1050.11 (85.20)b

899.00

1362.00

3.32 (0.53)

2.43

4.58

Days on Feed

Marbling Score
Yield Grade
Final Weight (lbs.)

1317.33 (114.96)

Dress Percentage
Raw Realized Profit

1014.55 1586.21

61.50 (0.02)

53.60

65.10

-41.33 (86.71)

-196.46

151.68

a) treatment variable variances and means are significantly different at α=0.05 using ttests
b) treatment variable variances are not significantly different and means are significantly
different at α=0.05 using t-tests

Profitability Bias
Determining if there is any sort of profitability requires cattle be sold using a
consistent metric. Using this metric, simulated profits are then compared to see which
treatment is more inherently profitable. This comparison is then used to determine if
there was a profitability bias and how much profitability should be adjusted for
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accordingly. Despite the evaluation criteria being rather rigid in nature (0.5 inches of
backfat) since the actual backfat measure is not known with certainty while the animal is
alive, the EPM strategy is subjective to any given individuals evaluation of the animals.
Therefore, the EPM methodology cannot be backward inducted to yield an optimal
selling point for individual animals. Given this characteristic of the EPM methodology,
the PMR methodology was used in the Ex-Post analysis for both treatments to determine
if there was a bias. The PMR methodology also resulted in some animals being sold
lighter than what the EPM methodology would have sold at, which results in unknown
projected harvest dates for cattle not sold using the EPM method. Therefore, it was
determined that the PMR methodology is a more objective way of measuring profitability
bias. The price used to determine the optimal time period to sell is the weighted average
price received from the EPM treatment. This price was used because the EPM
methodology is independent of time, and using this price changes only the methodology
for the EPM treatment (rather than changing price and methodology). As well, this
estimate of profitability bias is a conservative estimate for bias. Any bias found is then
used to adjust profitability difference estimations (denoted in the first column of each
profitability difference table). The results of this analysis can be found in table 4.3 and
indicate that the EPM treatment had a natural $24.40 per head advantage.
Table 4.3
Treatment
PMR
EPM
difference

Ex-Post Analysis: Profitability Bias Results ($/head)
Average
1145.55
1169.95
-24.40

Std. Dev.
130.29
138.22
-
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min
890.01
937.25
-

max
1477.18
1585.90
-

Realized Profit
The first comparison is based on realized profits. Realized profits are comprised
of total revenue based on actual carcass value, futures contract revenue and all costs. The
profitability equation for this metric can be seen in equation 4.1.

 RP  TRi (carcass)  fi  ydgi  ri  veti  trucki  insi  checkoffi  datai  transferi
(4.1)
Variable names and descriptions for all equations used in this section can be found in
table 4.1.
These costs and revenues are the information the cattle feeder sees at closeout (the
final, actual profitability). In other words, this is the only metric which a feeder uses to
compare effectiveness of methodologies and management practices. All costs in this
procedure are final closeout costs. Futures contract revenue does not significantly change
results in profitability differences. Secondly, because the value of risk management
could not be systematically applied, hedging returns are eliminated. To further
demonstrate this, the second estimation of profitability is without futures contract
revenue, ceteris paribus. These initial results using realized profitability between
treatments indicates that the EPM treatment outperformed the PMR treatment by an
average of $24.36 per head. Without futures contract revenue, the profitability difference
between treatments indicates that the EPM treatment outperformed the PMR treatment by
an average of $24.35 per head. These results can be found in table 4.4.
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Table 4.4

Comparison: Realized Profit ($/head)
Average

Treatment

Average1,2

Std. Dev.

min

max

DOF

PMR

-49.16

84.50

-254.54

93.85

146.64

EPM

-24.80

91.69

-237.46

197.68

131.72

difference

-24.35

-

-

-

-

1

The average includes the adjustment for profitability bias
PMR and EPM averages are not statistically different according to the Welch test
statistic at α=0.05
2

Realized Marginal Profit
Given estimation of the optimal time period to sell uses the value of the marginal
product and marginal factor cost, variables that do not change over time are excluded
from the optimization estimation. Therefore, the third comparison is based on realized
marginal profit. Realized marginal profits are profits with only the costs that change over
time. However, since this is still realized marginal profits, profit in this comparison still
includes carcass value as the only source of revenue but costs will change. Costs for this
analysis include feed costs, yardage, and interest. The profit equation for marginal profits
can be found in equation 4.2.

 MP  TRi (carcass)  fi  ydgi  ri

(4.2)

In this scenario, total revenues are calculated by taking dressed weight and
multiplying that by the output price received as a result of carcass characteristics (yield
grade and quality grade). Realized marginal profits calculated using carcass value and
variable costs indicate that the EPM treatment outperformed the PMR treatment by
$34.70. Considering costs, like the estimated transfer cost between stages of production,
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were excluded from profit estimations (only time variant costs were included), then
average profit per head in much higher than in previous comparisons. These results can
be found in table 4.5.
Table 4.5
Treatment

Comparison: Realized Marginal Profit ($/head)
Average1,2

Std. Dev.

min

max

Average DOF

PMR

1023.76

160.67

722.36

1312.96

146.64

EPM

1058.47

144.84

798.71

1426.67

131.72

-34.70

-

-

-

-

difference
1

The average includes the adjustment for profitability bias
PMR and EPM averages are not statistically different according to the Welch test
statistic at α=0.05
2

Marginal Profit at the Optimal Market Timing
In order to help maintain account integrity for the feedlot, a load constraint was
instituted. This load constraint consisted of a minimum allowance for the number of
cattle to be sent to harvest at any one given time (15 head in this case). Also, optimal
market timing is widely dispersed due to cattle heterogeneity in growth and average daily
costs. As such, cattle could not be marketed individually at their respective optimal time
periods but rather on an average optimal time period for fifteen head. That being said,
the next comparison is estimated profit at each individuals optimal marketing time
period. Individual cattle’s growth function estimations at the time of optimal harvest
were used to formulate harvest weight. This accompanied with live cash price for the
Iowa/Minnesota area was used to estimate revenue for the PMT treatment. In order to
account for a weight bias, the difference in actual weight and projected weight, the
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percent difference between projected harvest weight on the actual day of harvest and the
realized harvest weight is applied to the projected weight associated with the optimal
selling time. EPM cattle revenues were calculated using actual final harvest weights and
the corresponding live cash price for the Iowa/Minnesota area on that harvest date. The
costs in this step consists of each individual’s corresponding average variable cost known
at the associated optimal time period to sell multiplied by the days on feed that would
have been observed if cattle would have been marketed optimally according to this
methodology. The profit equation for this comparison is as follows in equation 4.3.

 MPt*  TRi (t*,cash)  fi*  ydgi*  ri*

(4.3)

Total revenue in this scenario is based on live weight cash prices for the area and
week multiplied by total live weight on the optimal day the cattle were projected to be
sold. Marketing cattle optimally according to this methodology yielded an estimated
profitability difference with the EPM treatment outperforming the PMR treatment by
$17.73. Since actual marketing time periods were based on the average optimal
marketing time of fifteen head, no significant changes in average carcass characteristics
are expected except increased standard deviation for both yield grade and marbling.
These results can be found in table 4.6.
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Table 4.6

Comparison: Marginal Profit at the Optimal Market Timing ($/head)
Average

Treatment

Average1,2

Std. Dev.

min

max

DOF

PMR

1071.50

198.74

672.40

1514.37

126.95

EPM

1089.23

141.31

802.20

1502.66

131.72

-17.73

-

-

-

-

difference
1

The average includes the adjustment for profitability bias
PMR and EPM averages are not statistically different according to the Welch test
statistic at α=0.05
2

Marginal Profit at the Optimal Market Timing Assuming Realized Prices
If output prices, cattle’s growth function, and cost estimates are correctly
specified then, as a rule in economics (by equating the value of the marginal product to
marginal factor cost), this profit maximization approach should strictly outperform any
other marketing strategy. However, live cash prices were a main driver of this
experiment and optimal time period to sell. Considering prices fell dramatically during
this time period (roughly $30/CWT) and myopic pricing was used to estimate the Value
of the Marginal Product, the assumption that prices are correctly specified through
myopic pricing is tested through the next three comparisons. The procedure used in this
portion of the analysis estimates the optimal time period to sell under the assumption that
the realized prices during this experiment are known while still using myopic pricing to
forecast optimization. The known price series realized during this experiment is used for
the relevant time frame to calculate new optimal time periods to sell, ceteris paribus.
Hence, this is an ex-post analysis following the myopic pricing with individual
marketings. The profit equation for this comparison is as follows in equation 4.4.
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PF
RP
*
*
*
 MPt
*  TRi (t*, cash)  f i  ydg i  ri

(4.4)

Evaluating profitability under the assumption of realized pricing (while still using
myopic pricing) yields a profitability difference of $2.41 with the PMR treatment
outperforming the EPM treatment. These results can be found in table 4.7.
Table 4.7
Treatment

Comparison: Marginal Profit at the Optimal Market Timing Assuming
Realized Prices ($/head)
Average1,2

Std. Dev.

min

max

Average DOF

PMR

1091.64

159.48

689.60

1408.53

139.54

EPM

1089.23

141.31

802.20

1502.66

131.72

2.41

-

-

-

-

difference
1

The average includes the adjustment for profitability bias
PMR and EPM averages are not statistically different according to the Welch test
statistic at α=0.05
2

Marginal Profit at the Optimal Market Timing Assuming Constant Prices
As discussed in the previous paragraph, since such a steep price decline occurred
in this time frame, the next comparison continues to evaluate the assumption that myopic
pricing is sufficient for the estimation of profit maximization. Considering this
methodology only uses myopic pricing, the VMP may be sensitive to such steep price
inclines or declines. Therefore, the sixth method of comparing profitability considers
using a constant cash price. Specifically, the average weighted price received for the
EPM group is used as if this constant cash price had seen throughout the relevant time
period. New optimal marketing times are calculated through this assumption and new
associated revenues and costs are formulated using the same methods as the previous two
comparisons. The profit equation for this comparison is as follows in equation 4.5.
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CMPt*  TRiC (t * , cash)  fi*  ydg*i  ri*

(4.5)

Under this assumption, the difference in profitability yields the PMR treatment
outperforming the EPM treatment by $37.86. These results can be found in table 4.8.
Table 4.8

Comparison: Marginal Profit at the Optimal Market Timing Assuming
Constant Prices ($/head)
Average

Treatment

Average1,2

Std. Dev.

min

max

DOF

PMR

1127.09

127.18

836.57

1378.61

135.29

EPM

1089.23

141.31

802.20

1502.66

131.72

37.86

-

-

-

-

difference
1

The average includes the adjustment for profitability bias
PMR and EPM averages are not statistically different according to the Welch test
statistic at α=0.05
2

Marginal Profit at the Optimal Market Timing Incorporation a Known Price Path
In one of the final estimations of profitability, considering the results of the
previous two analyses, myopic pricing may not have been enough to predict the profit
maximizing time period to sell. Previously, the myopic pricing and setting VMPit=MFCit
does not incorporate any expected or known price path. Therefore, an estimated linear
price trend is incorporated into the predicted profit path. Optimization is found by a grid
search of the maximum profit, as a closed form solution could not be found for the profit
equation depicted in equation 3.6.
Marginal physical product in previous profitability comparisons assumed myopic
pricing for predicting optimization. As discussed in further detail in the subsequent
conclusions section, myopic pricing may not have been sufficient to account for the steep
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market corrections the industry faced during this experiment. Had a price decline been
accounted for with a basic linear equation then price expectancy would have the
following functional form,

Pt  P0   * tDOF

(4.6)

where, price in time period t equals an initial price plus some trend in prices (  )
multiplied by time t DOF (the number of days cattle have been on feed), where t  t DOF .
Because this model incorporates data beginning at birth, time (t) is specific to each
individual animal and therefore cannot equal the number of days on feed. Thus, the value
of the marginal product would not simply equal output price multiplied by the marginal
physical product when incorporating any price projections other than myopic. Because
t  t DOF ,

the VMP does not yield a closed form solution. Optimal timing can still be

solved for numerically, though, simply through the estimation of profitability. Therefore,
equation 4.6 was estimated using OLS and the price series realized during the duration of
this experiment. This equation was then incorporated into the optimization estimation.
With new individual optimal time periods to sell, revenue and costs were calculated
according to the methodology discussed in the previous three comparisons. The profit
equation for this comparison is a follows in equation 4.7
PS
PS
*
*
*
 MPt
*  TRi (t*, cash)  f i  ydg i  ri

(4.7)

With this additional linear estimation of realized prices (as a function of time)
and perfect foresight incorporated into the optimization equation, this yields substantially
more profitable cattle on a per head basis. In this analysis the PMR treatment
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outperforms the EPM treatment by $102.06 per head. These results can be found in table
4.9.
Table 4.9
Treatment

1
3

Comparison: Marginal Profit at the Optimal Market Timing Incorporating a
Price Slide ($/head)
Average1,3

Std. Dev.

min

max

Average DOF

PMR

1191.29

304.89

729.07

2249.53

75.24

EPM

1089.23

141.31

802.20

1502.66

131.72

difference

102.06

-

-

-

-

The average includes the adjustment for profitability bias
PMR and EPM averages are statistically different at α=0.05

Marginal Profit at the Average Optimal Market Timing for ½ Loads Incorporating
a Known Price Path
Finally, considering the implications of the previous analyses, it is necessary to
quantify the opportunity cost associated with a constraint similar to what was imposed
during this experiment. This portion of the analysis follows the same process of deriving
an individual animal’s t*. However, in this analysis, a constraint was put back into place
only allowing for a minimum of 15 head to be sold at any one time (a half load). By
comparing the differences in table 8 and table 9 we can infer that the opportunity cost of
having to batch half loads is $32.84 per head ($102.06/head - $69.22/head). These results
can be found in table 4.10.

44

Table 4.10
Treatment

Comparison: Marginal Profit at the Average Optimal Market Timing for ½
loads Incorporating a Known Price Path ($/head)
Average1,2

Std. Dev.

min

max

Average DOF

PMR

1158.45

308.13

573.04

2118.96

164.11

EPM

1089.23

141.31

802.20

1502.66

131.72

69.22

-

-

-

-

difference
1

The average includes the adjustment for profitability bias
PMR and EPM averages are not statistically different according to the Welch test
statistic at α=0.05
2
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CHAPTER V
CONCLUSIONS
Discussion
Based on realized profitability, the EPM treatment outperformed the PMR
treatment. Even though carcass quality was not significantly impacted, cattle feeders
would most likely not be willing to adopt the ex-ante PMR methodology tested in this
experiment. A large portion of the results section of this analysis was therefore dedicated
to better understanding the limitations of the ex-ante PMR methodology utilized in the
experiment. Simulated results that relax a set of identifiable limitations and constraints
demonstrate that the ex-ante PMR methodology has a strong potential for future
application.
Limitations and Constraints of Current PMR Methodology
The major limitations to the performance of the PMR were attributed to myopic
price forecasting, and to a lesser extent, the ex-ante prediction of live animal weight. Not
accounting for price declines resulted in cattle being marketed later than would be
optimal and increased the difficulty of scheduling cattle for harvest. Overall, this
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methodology has the potential to incorporate price expectations, but is still contingent on
the accuracy of price forecasting10.
In regards to growth function estimation, the Life Cycle model tends to lack
flexibility for roughly 16 percent of the animals whose most recent live weight was at
least 10 percent in error. The statistical fit updating method developed attempted to
correct for cattle that do not fit the average animal. Though the method helped in some
instance, some cattle growth predictions did not significantly improve. This may be due
either unobserved weighing errors, functional form, or both.
The major constraint that limited the performance of the PMR was the selfimposed half load restriction given the small sample size. This resulted in large
variations in individual optimal market timing, resulting in sizable opportunity costs. For
instance, regardless of the price path predictions, marketing individuals strictly
outperforms marketing half loads. Additionally, load size restrictions may disincentive
small producers from utilizing the PMR if feeders are unwilling to batch multi-owner
loads due to difficulties in accounting.
Future Research
The incorporation of a price path prediction is the first area of improvement for
future studies. Price forecasting may consist of i) predicting linear trends in prices based
on historic data or some nonlinear estimation of prices (for example, polynomial
estimation), or ii) utilizing historic futures basis to derive prediction of price from current

10

Due to the complexity of including price forecasting into a decision making tool, cattle feeders have
removed this from the equation by selling cattle when they reach some physiological metric or are
“market ready”.
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futures market. The latter is currently being used for further experiments. New
research11 indicates that price forecasting using historic basis and futures prices results in
optimal marketing times much earlier than under myopic price forecasts, a result
consistent with the perfect foresight predictions of this analysis.
Ex-ante predictive models may be improved through improvement of updating
procedure, estimation of the determinants of growth parameters, and evaluating the
implementation of other functional forms of live weight growth. The new research is
comparing and contrasting the predictive capabilities of the Days-On-Feed (DOF) model
developed by Maples et al. (2015) and the Life Cycle model utilized in this analysis.
While Maples et al. (2015) noted the Life Cycle model (marginally) estimated growth
with less error than the DOF model, current research indicates that the DOF model may
outperform the Life Cycle estimations in regards to predictive capabilities.
Relaxing the half load constraint is the next area to consider for further research.
Marketing cattle on a monthly schedule may provide more ease of harvest scheduling, as
well as reduced variance in individual optimal market timings. Considering the relatively
small sample size of this analysis (123 head), increasing the number of cattle in future
studies may help decrease opportunity cost by allowing more similar (timed) cattle to be
batched together. For instance, it was estimated that a sample of roughly 650 head would
have resulted in weekly whole load deliveries of similar (timed) cattle.

11

Primary Collaborators: M.G. Janzen, K.T. Coatney, D. Rivera, J.G. Maples, A. Harri, and J.M. Riley.
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